Two different congenital malformations of the heart were seen in two calves and two ewe lambs. In all these malformations the left ventricle was more or less hypoplastic; it was small with a narrow lumen and a thick wall. In one malformation the aorta began as a cul-de-sac above the left ventricle; in the other, the aorta arose from the right ventricle, to the right of the supraventricular crest.
The "left hypoplastic heart" a n d t h e "double outlet right ventricle with an intact interventricular s e p t u m " are well-known congenital malformations of t h e heart in man [l-7, 9-12, 14-22] , b u t less known in animals. Some have been reported in cattle [8] , swine [12, 13, 23 , 241 and dogs [12] .
Case Reports Case 1
A 1-week-old ewe lamb had an engorged and congested liver at postmortem examination. Externally, the heart was round. The left ventricle was small, whereas the right ventricle virtually occupied the entire heart. The ascending aorta was about one-fifth normal diameter, but the aortic isthmus and pulmonary trunk were of normal size. The aorta followed a normal course. The ductus arteriosus was contracted but a probe could be passed through. Internal examination of the heart showed that the left ventricle had a thick wall and scarcely any lumenthe features of hypoplasia and concentric hypertrophy. The left atrioventricular orifice was absent ( fig. 1 ). At the side at which it could be expected, there was only a small pit. The right ventricle was large and had a relatively thick wall. The interventricular septum was intact. The aorta did not communicate with either of the ventricles but began as a cul-de-sac above the left ventricle. There was complete adhesion of the aortic cusps to each other. The coronary arteries arose at the proper side and were normal size. The foramen ovule was patent.
Case 2
A ewe lamb that was stillborn at term had marked pulmonary oedema and copious transudate in the thoracic and abdominal cavities. Externally, the heart was round; the right ventricle constituted the entire apex. The left ventricle was about half the normal size. The ascending aorta was about one-fifth normal diameter ( fig. 2, 3 ). The pulmonary trunk and aortic isthmus were of normal size. The ductus arteriosus was slightly contracted. Both atria were of normal size. The left ventricle, which was too small and had a relatively thick wall, had a smaller than normal lumenthe features of moderate hypoplasia and concentric hypertrophy. The endocardium of the left ventricle was thick, white and opaque-the features of fibroelastosis. The left atrioventricular orifice was normally patent. The cusps of the valve were normal in shape but rather small.
The right ventricle had a large lumen and was relatively thick-walled. The interventricular septum was intact. The aorta, which began as a cul-de-sac above the left ventricle, did not communicate with either of the ventricles. Both coronary arteries arose at the proper sites from the thin aorta and were of normal calibre. There was complete adhesion of the aortic cusps to each other. The foramen ovale was still passable to a probe.
Case 3
Only the heart-lung preparation from a 2-day-old calf was available for examination and no other postmortem findings were known. The heart was large and round; the entire apex was occupied by the right ventricle. The aorta was far to the right. The pulmonary trunk had a normal origin and followed a normal course. Both the aorta and the pulmonary trunk were of normal size, whereas the aortic isthmus was about half the normal diameter (isthmusstenosis) . The ductus arteriosus was slightly contracted but patent. The right atrium was rather large compared with the left atrium. The left ventricle was small and its wall was thick in relation to the small lumen-the features of hypoplasia and concentric hypertrophy. The left atrioventricular valve was small, but normal in shape; the diameter of the orifice was proportionate to the size of the left ventricle. The right ventricle was enlarged externally; it had a wide lumen and relatively thick wall-the features of excentric hypertrophy. The interventricular septum had no defects. The ascending aorta arose from the right ventricle to the right of the supraventricular crest. The aortic valve was normal. The foramen ovule was patent; its valve bulged sac-like into the right atrium. There was both a right and a left cranial vena cava each of which followed a normal course. The left cranial vena cava, however, also had an abnormal communication of about 1 .O centimeter with the left atrium.
Case 4
A calf that died at the age of 4 weeks, had had abdominal respiration immediately after parturition; a congenital malformation of the heart was suspected. In addition to an abnormal heart, postmortem examination showed chronic congested liver and large amounts of transudate in the thoracic and abdominal cavities. The lung was very congested. The heart was round and the apex was entirely occupied by the right ventricle. The left ventricle was about one-third normal size externally. There was marked dextroposition of the aorta, which followed a course to the right of and parallel to the normal pulmonary trunk ( fig. 4 ). The aorta, pulmonary trunk and aortic isthmus were of normal size. The ductus arteriosus was contracted but still passable. The left atrium was small; the right atrium was dilated. The small left ventricle had a small lumen and a thick wall-the features of hypoplasia and concentric hypertrophy. The left atrioventricular valve was normal in shape but small. The size of the orifice was proportionate to that of the left ventricle. The right ventricle was large, with a wide lumen and relatively thick wall-the features of excentric hypertrophy. The interventricular septum was intact. The aorta arose from the right ventricle to the right of the supraventricular crest. The valve was normal. The coronary arteries had a common origin. The right coronary artery was normal in size, whereas the left coronary artery was greatly dilated at its origin but was of normal size in its further course. The foramen ovale was anatomically patent and its valve also bulged sac-like into the right atrium.
Discussion
Two types of congenital cardiac malformations associated with a hypoplastic left ventricle have been described in man [l-7, 9-11, 14-22] . In one type there is a either constricted or absent communication between the left ventricle and the aorta. The interventricular septum is intact up to the septum membranaceum. In some cases there is a lower muscular interventricular septa1 defect [6] . When the aorta does not communicate with the left ventricle, it is separated from it by connective tissue in which the aorta begins as a cul-de-sac. The aorta is hypoplastic, occasionally to the extent that the malformation may be mistaken for a persistent truncus arteriosus [3].
In the second type of malformation, the left ventricle is also hypoplastic and has an area of connective tissue where the outlet of the left ventricle is normally. In this malformation, however, the aorta arises from the right ventricle at a point to the right of the supraventricular crest [18] . In man, the first malformation is usually referred to as "a left hypoplastic heart" [6] and the second as "a doubleoutlet right ventricle with an intact interventricular septum" [18] . There are two theories on the pathogenesis of "the left hypoplastic heart". A number of authors believe the malformation to be caused by a developmental anomaly during a period in which septation of the heart had not been completed [ l , 4, 7, 9-11, 14-16, 20, 22, 26, 271 . Other [5, 6 , 17, 211 believe that malformation is caused by an inflammatory lesion during the development of the heart. This lesion causes total or partial closure of the outlet of the left ventricle, which results in a narrow communication o r the absence of any communication between the left ventricle and the aorta [6] . Some authors [2, 19, 251 found evidence to suggest that the malformation was inherited.
Two theories on the pathogenesis of the second malformation, "the doubleoutlet right ventricle with an intact interventricular septum", have been proposed [18] . One theory is that there primarily was a developmental anomaly, namely inhibition of growth of the septum of the truncus arteriosus, resulting in dextroposition of the aorta and an interventricular septal defect up to the membraneous part of the interventricular septum. This interventricular septal defect was then closed later as the result of an inflammatory lesion. The other theory is that there primarily was an inflammatory lesion at the site of the future outlet of the left ventricle so that the outlet of the left ventricle was occluded. As a result the aorta was no longer able to communicate with the left ventricle and remained in its embryonic dextroposition .
TO our knowledge a "left hypoplastic heart" in other mammals has been reported only in cattle [8], pigs and dogs [12, 131 . The "double outlet right ventricle with an intact interventricular septum" has been reported in cattle [8] and pigs [13] . A low muscular interventricular septal defect also occasionally has been seen in animals, not only in those with the first but also in those with the second malformation [8, 12, 131 . The left ventricle was less hypoplastic in some of those cases in which a muscular interventricular septal defect was seen [12, 131. Both the first and the second malformation have been classified [8] with the "partial or total transposition of the large vessels"; the malformation was believed caused by vitamin A deficiency or virus infection. N o conclusions were drawn from microscopical studies [12, 131 in several pigs with a "left hypoplastic heart syndrome". An hereditary cause was not ruled out.
The two malformations have been reported [23, 241 in pig embryos that had developed to the point that the heart had acquired its definite form. It was stated [23, 241 that the malformations were caused by overgrowth of tissue of the embryonic endocardial cushions. The report also stated that this probably is an overgrowth of the tissue of the ventral atrioventricular endocardial cushion and that the hollowing out of the ventral atrioventricular endocardial cushion is an important factor in the communication of the aorta with the left ventricle. When this cushion is hollowed out insufficiently, a greatly constricted communication between the aorta and left ventricle is believed to result. The aorta therefore receives less blood and will eventually become atrophied.
The two cases of "left hypoplastic heart" in lambs reported here are the first cases to be reported in lambs. In addition, two cases of "double outlet right ventricle with intact interventricular septum" in cattle were reported. I believe the morphological features of the cases reported in man and other mammals are about identical where the first and where the second malformation are concerned. The only difference may be that a low muscular interventricular septal defect is more common in animals [6, 8, 12, 13, 181 . In both malformations the left ventricle is more or less hypoplastic and the outlet of the left ventricle is totally or partially occluded. The only difference in the two malformations is the origin of the aorta. I believe it possible that the pathogenesis of the two malformations is identical. It has been suggested [12, 13, 23 , 241 that the malformations are caused by overgrowth of tissue of the atrioventricular endocardial cushions thus blocking the outlet of the left ventricle. When this occurs, septation of the heart could proceed normally, provided this occlusion takes place before septation of the heart has been completed [12, 131 . When occlusion occurs after complete differentiation of the heart, the aorta become secondarily separated from the left ventricles in those in which it had already established a normal communication with the left ventricle [12, 131. The two theories imply the appearance of a "left hypoplastic heart". The second malformation could be caused by occlusion of the outlet of the left ventricle before septation of the heart has been completed and septation of the trunk does not or can not occur [12, 131. It can be asked whether dextroposition would have occurred in any case, even when the outlet had not been blocked, or whether septation of the trunk is prevented by the primary malformation. Should the malformation have appeared after the time by which septation is believed to have been completed, it has to be assumed that a malformation of the heart already was present in the form of dextroposition of the aorta, the outlet of the left ventricle being secondarily occluded.
The study of hearts of fully developed people and animals does not make it possible to state the pathogenesis of the malformation. Only theories on the subject can be formulated. To elaborate these theories in greater detail will require further extensive studies of embryos at various stages of pregnancy.
